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RÉSUMÉ 
Un nombre croissant de travaux en écologie souligne la nécessité de prendre en 
considération le parasitisme dans l'étude du fonctionnement des écosystèmes. Dans cet 
article, nous présentons une synthèse sur les multiples effets du trématode Microphallus 
papillorobustus dans les écosystèmes lagunaires du sud de la France. Nous passons ainsi en 
revue l ' influence de ce parasite sur le comportement, la fécondité, la croissance et la survie 
des espèces hôtes, sur ses conséquences dans les processus de sélection sexuelle et enfin sur 
son rôle dans le maintien de la diversité. À la lumière de cette synthèse, il semble nécessaire 
de considérer ce parasite comme une espèce importante dans le fonctionnement des 
écosystèmes lagunaires. 
SUMMARY 
An increasing number of studies underlines the need to consider parasitism as an 
important component of ecosystem functioning. In this paper, we review the multi-effects of 
the trematode Microphallus papillorobustus in the salt marshes of Southern France. We 
describe the effects of this parasite on the behaviour, fecundity, growth and survival of its 
hosts, as well as its consequences on host sexual selection and finally, its role in maintaining 
biodiversity. In the light of this review, we suggest that this parasite should be considered as 
an important species to understand the functioning of lagunar ecosystems. 
Increasingly, research in ecolo gy acknowledges the importance of parasites in 
the functioning of ecosystems (Lauckner, 1984; Sousa, 1 99 1 ;  Lafferty, 1992; 
Morand & Gonzalez, 1 997, Thomas et al. , 1998a; Poulin, 1 999). In spite of their 
small size, parasites significantly influence many aspects of their host ecology such 
as behaviour (Combes, 1 99 1 ;  Hart, 1 990, 1994; Poulin, 1995 ; O'Donnell, 1 997, 
Kiesecker et al. , 1 999) and life-history traits (Forbes, 1 993; Lafferty, 1993 ; 
Michalakis & Hochberg, 1 994; M!ll ler, 1 997). In addition, a large body of 
evidence indicates that parasites play important roles in regulating host 
populations (Scott & Dobson, 1 989; Anderson & Gordon, 1 982; Jaenike et al. , 
1 995 ; Rousset et al. ,  1 996), structuring host communities and maintaining 
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biodiversity (Freeland, 1 983;  Minchella & Scott, 1 99 1 ;  Combes, 1 996; Thomas et 
al. , 1 997a, 1997b, 1 998; Kiesecker & Blaustein, 1 999; Poulin, 1 999). However, 
assessing the functional importance of parasites in ecosystems needs to study 
simultaneously their effects at severa! hierarchical levels. Until now, few studies 
have attempted to do so, despite increasing numbers of studies claiming that 
parasites could sometimes act as keystone species in ecosystems. 
In this paper, we intend to review the current knowledge on the multiple 
effects of a common parasite in the salt marshes of Southem France, Microphallus 
papillorobustus (Trematoda, Microphallidae) . This parasite has indeed been the 
subject of severa! ecological studies during the past two decades. All the patterns 
and processes presented in this review come from studies conducted in the same 
geographical area and consequently, it is realistic to consider that these effects 
occur simultaneously in the ecosystem. Then, we discuss the idea that this parasite 
may be important in the functioning of salt marsh ecosystems and suggest avenues 
for further research. 
LIFE CYCLE OF MICROPHALLUS PAPILLOROBUSTUS 
The life cycle of this parasite includes three categories of host (Fig. 1 ). The 
first intermediate host is a Hydrobia snail with two species :  Hydrobia acuta and 
Hydrobia ventrosa (Rebecq, 1 964; Thomas et al. ,  1 997c). Both Gammarus 
insensibilis and G. aequicauda are possible second intermediate hosts (Helluy, 
198 1) .  These two Gammarus species and their breeding biology are presented in 
Figure 2. At least 19  shorebirds and 4 gulls have been identified as a definitive host 
(Rebecq, 1 964 ). 
CONSEQUENCE OF INFESTATION ON GAMMARID BEHA VI OUR 
Cerebral metacercariae of M. papillorobustus have spectacular effects on the 
behaviour of garnmarids, even with only one parasite present. Phototactism 
switches from negative to strongly positive, and geotactism is reversed from 
positive to negative (Helluy, 198 1 ,  1 983).  The most spectacular behavioural 
alteration remains positive responses to mechanical stimuli as infected gammarids 
swim beneath the water surface and cling to surface material (Helluy, 1 983).  This 
aberrant behaviour leads infected gammarids (commonly named ' crazy 
garnmarids' )  to be more vulnerable than other individuals to predation by aquatic 
birds (Helluy, 1984) . The parasite benefits from this suicidai behaviour of its 
intermediate host in a higher probability of achieving transmission to aquatic birds. 
The behavioural alterations in 'crazy' garnmarids probably rely more on chemicals 
rather than merely on brain damage due to the physical presence of metacercariae 
in the cerebron (Helluy & Holmes, 1 990; Thomas et al. , 2000) . In G. aequicauda, 
these behavioural alterations are only observed when metacercariae are cerebral, 
as abdominal metacercariae have no particular effect on host behaviour (Helluy, 
1983). 
IMPACT ON FECUNDITY, GROWTH AND SURVIVAL OF G. INSENSIBILIS 
Gammarids incur fitness reductions when they harbour cerebral 
metacercariae of M. papillorobustus. Firstly, infected females produce fewer eggs 
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Figure 1 . - Life cycle of Microphallus papillorobustus (From Helluy, 1 9 8 1 ) .  Adults M. papillorobustus reproduce in an aquatic bird intestine (a) . Once a 
miracidium successfully infects a snail (b) , it reproduces asexually to produce cercariae (c).  Infected snai1s are generally castrated by the parasite (Helluy, 
1 9 8 1 ; F. Thomas , unpublished observations). Cercariae, once outside the snail, swim and crawl on the surface of the mud (Thomas et al. , 1 997c). Then, 
cercariae infect a gammarid by penetrating its branchial cuticle. Once inside G. insensibilis, the cercaria drops its tai!, crawls toward the amphipod' s  brain 
and encysts in cerebroid ganglions to form a metacercarial cyst (d) . Inside this cyst is  a miniature adult worm that will be released when the enzymes in a 
bird' s gut digest away the cyst wall. Things are similar wh en cercariae enter a young G. aequicauda (Helluy, 1 9 8 1  ) . However, for unclear reas ons, cercariae 
infecting an older individua1 of G. aequicauda, encyst in the abdomen instead of the brain (Helluy, 1 98 3 ) .  Adult M. papillorobustus, 1ike many adult helminths, 
live only a few days in the bird intestine, where they seem not to be associated with any particular disease (Helluy, 1 9 8 1 ) .  (Drawing from Armelle Dragesco) 
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Figure 2. - Main features of the breeding biology of Gammarus insensibilis and G. aequicauda. The 
breeding biology of G. insensibilis and G. aequicauda is similar to that of the majority of Gammarus 
species. Fecundity increases with female body size (1) (Sutcliffe, 1992; Thomas et al. , 1 995a). 
However, mating occurs only during a narrow part of the female' s moult cycle, usually a few days or 
hours after the moult (2) . In the absence of any mechanism synchronizing female moult cycles, the 
operational sex ratio is consequently strongly male biased: at any time, more males than females are 
available for mating. Competition for access to mates takes place between males. Males, which are 
able to identify females close to their moult, try to monopolize and guard them (3) until fertilization 
of the eggs is possible. This precopulatory mate guarding may last severa! days, and it represents a 
substantial investrnent from the male since whilst he is guarding a female the opportunity to mate with 
other females is !ost. An important feature of precopulatory mate guarding in amphipods is that males 
and females are matched for size (4) . After the insemination, the male generally guards the female for 
a few hours before abandoning ber. After the fertilization, the eggs develop in the female' s  brood 
pouch. The time of development of the eggs varies according to water temperature and salinity, lasting 
about 1 1 - 1 5  days at 20 °C. 
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than uninfected ones and this effect increases with parasitic load (Thomas et al. , 
1 995a). Secondly, infected individuals have a longer inter-moult duration than 
uninfected ones (Thomas et al. , 1 996a). This alteration of moult cycles has several 
consequences on host fitness. Since breeding depends on female moulting (see 
Fig. 2), infected females experience fewer mating opportunities than uninfected 
ones. Moreover, lower frequency of moulting events inevitably has a detrimental 
effect on growth of both infected males and females. Because size and fecundity 
are correlated in female gammarids (see Fig. 2), infected females produce less 
eggs than uninfected ones of same age because of their smaller size. 
Survival of gammarids harbouring cerebral metacercariae is also significantly 
reduced. The higher predation risk of 'crazy gammarids ' by birds has been 
demonstrated by both field observations and laboratory experiments using Larus 
argentatus michaellis as predator and definitive host (Helluy, 1 984). 
CONSEQUENCES ON SEXUAL SELECTION IN G. INSENSIBILIS 
M. papillorobustus plays a major role in the sexual selection of G. 
insensibilis. Indeed, in the field, there is an assortative pairing by parasitism' s 
presence/absence (i.e. uninfected males pair with uninfected females and infected 
males pair with infected females) (Thomas et al. , 1995a) .  This original pattern of 
pairing first results from vertical segregation between infected photophilic and 
uninfected photophobie individuals (Thomas et al. , 1996b) . In addition, choice 
experiments also revealed that males can discriminate between infected and 
uninfected females in the absence of vertical segregation (Thomas et al. , 1996b) . 
Since males abandon females after insemination, they have no control on the fate 
of fertilized eggs contained in the female' s  brood pouch which are exposed to the 
consequences of their mother' s behaviour during the time of development. 
Because males invest substantial time and energy in precopulatory mate guarding 
(Sutcliffe, 1 993), we can assume that they are favoured by selection in avoiding 
infected females as mates (e.g. see the 'efficient parent hypothesis' , Milinski & 
Bakker, 1 990) . 
M. papillorobustus also interfers with the sexual selection process of its host 
through altering the competitiveness of infected males. Indeed, body size and 
mating success are strongly correlated in male garnmarids (see Fig. 2, Sutcliffe, 
1 993).  Infected males, compared with uninfected males of the same age, are firstly 
disadvantaged by the detrimental effect of the parasite on their growth (longer 
inter-moult duration) (Thomas et al. , 1995a, 1 996a) . In addition, compared to 
uninfected males which detect receptive females long before moulting (i.e. 
receptive period of the female), infected males only react to females that are very 
close to moulting (Thomas et al. , 1 996b). Thus, it seems that in addition to its 
effect on the nervous system of the gammarid, M. papillorobustus alters 
pheromone reception in infected males. Whatever the exact mechanism involved, 
infected males are at a selective disadvantage in competition with uninfected males 
when attempting to find a receptive mate. As a result of these phenomena, the 
parasite load of unpaired males in the field is significantly higher than that of 
paired males (Thomas et al., 1 995a) .  
ROLE I N  STRUCTURING THE AMPHIPOD COMMUNITY 
In a previous study, Thomas et al. ( 1 995b) found two distinct infection 
patterns between the two sympatric species G. insensibilis and G. aequicauda 
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(Fig. 3) .  ln G. aequicauda, the positive relationship between mean parasite load 
(and the variance to mean ratio) and host size indicates that M. papillorobustus bas 
little impact on host survival (see Anderson & Gordon, 1 982 and Rousset et al. , 
1996) . Converse! y, in G. insensibilis, the convex infection pattern suggests that M. 
papillorobustus can act as an important regulating factor of host demography (see 
Anderson & Gordon, 1 982 and Rousset et al. , 1 996). ln the field, the host species 
whose fitness is the most impaired by parasitism (i.e. G. insensibilis) is a priori at 
a selective disadvantage in competition with the closely related, but unaffected 
host species G. aequicauda. However, G. insensibilis bas a higher reproductive 
success than G. aequicauda (Janssen et al. , 1 979). This suggests that the sympatric 
coexistence of the two amphipod species might be parasite-mediated, with higher 
reproductive success of G. insensibilis being offset by lower tolerance to M. 
papillorobustus (Thomas et al. , 1 995b). 
ROLE IN ENGINEERING PROCESSES 
Ecosystem engineers are organisms, plants or animais, that directly or 
indirectly modulate the availability of resources to other species, by causing 
physical state changes in biotic or abiotic materials (Jones et al., 1 994) . An 
increasing attention is devoted by ecologists to identify ecosystem engineers since 
recent issues indicated that such species have strong effects on ecosystem 
functioning by maintaining, modifying or creating habitats for other species (Jones 
et al. , 1 994). M. papillorobustus, like other parasites (see Thomas et al. , 1 999 for 
review), falls within the scope of this definition as it turns gammarids from a state 
A to a state B (i.e. 'crazy' gammarid) . There is evidence that the new 
characteristics of infected gammarids (i.e. state B) indeed influence other species 
living in salt marsh lagoons. For instance, Maritrema subdolum is another 
trematode having the same life cycle as M. papillorobustus and living in the same 
lagoons. However, this parasite is unable to alter the behaviour of gammarid to 
favour its transmission to definitive hosts . For M. subdolum, state B gammarids 
would a priori be a better host to exploit than state A gammarids to enhance the 
transmission to definitive hosts (i .e.  hitch-hiking strategy of transmission, see 
Thomas et al. , 1998b) . There is indeed a significant positive association between 
these two parasites within gammarids (Thomas et al. , 1 997c). Laboratory 
experiments also revealed substantial differences between the behaviour of the two 
trematode cercariae: while those of M. papillorobustus usually crawl at the surface 
of the mud, those of M. subdolum swim in the water column (Thomas et al. , 
1997c) . Because of this swimrning behaviour, cercariae of M. subdolum have a 
higher probability to encounter and to infect state B gammarids at the surface of 
the water (Thomas et al. , 1997c). 
A second influence of M. papillorobustus in engineering processes occurs 
through its effect on inter-moult duration. Because cerebral infection increases the 
time interval between two consecutive moults of the host, the cuticule of ' crazy' 
gammarids becomes a more permanent substrate for various epibionts (such as 
peritrichs) than that of uninfected ones (F. Thomas, unpublished data) . 
DISCUSSION 
Ecologists have long recognized that not all species are equal in terms of their 
influence on ecosystem functioning. Despite an increasing number of suggestions 
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Figure 3 . - Mean and variance to mean ratio (variation coefficient) of Microphallus papillorobustus 
load, in relation to host size in Gammarus aequicauda and Gammarus insensibilis. The number of 
hosts analysed in each length class is indicated above each dot. (From Thomas et al. 1995b, with 
permission of the Royal Society, London) .  
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that parasites could sometimes belong to these so-called keystone species, there 
are few well documented examples. A first step before quantitative demonstrations 
become possible is undoubtedly to identify the range of the parasitic effects in the 
ecosystem. 
The parasite M. papillorobustus bas various effects ranging from individuals 
to populations and the community. Since all these effects come from studies 
conducted in the same geographie area, they undoubtedly occur together in the 
ecosystem. In the light of this review, it seems clear that M. papillorobustus could 
be an important species in salt marshes and deserves consideration to understand 
the ecology of these habitats. Other trematode species (e.g .  Microphallus 
hoffmanni, Maritrema subdolum, Levinseniella tridigitata) have been less studied 
than M. papillorobustus but preliminary studies do not support the idea that they 
play an important role compared to M. papillorobustus (e.g. Thomas et al. , 1 995c, 
1996c, 1 998c). Based on these findings on M. papillorobustus biology, it seems 
that overall, this parasite has a positive effect on the local biodiversity in lagoons. 
A full understanding of the importance of M. papillorobustus would, however, 
requires to compare lagoons with and without this parasite and to conduct 
experiments. In addition, other effects remain to be investigated, for instance on 
the role of this parasite on bird foraging strategies. Since birds harbouring adult M. 
papillorobustus do not seem to have any particular disease, it seems likely that 
they benefit from the presence of M. papillorobustus in the ecosystem. In this way, 
prey can be obtained at a lower cost (see for instance Lafferty, 1 992 for similar 
arguments). Whether or not a correlation exists between the abundance of 'crazy' 
gammarids and the quantity/diversity of bird species foraging in the same area is 
not known at the moment. Experiments manipulating the density of 'crazy' 
gammarids in natural conditions should permit to address this question. 
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